HAGE: 1 PHRINT DATE: 051184

FAILURE MODES EFFECTS ANALYSIS (FMEA) = CRITICAL HARDWARE
NUMBER: 03-1-0408.X

SUBSYSTEM NAME: MAIN PROPULSION

REVISION: 1 511754
FART MAME PART NUMEBER
VENDOR RAME VENDOR NUMBER
LAU . DISCONNECT, LC2, 17 INCH MC284-0385-0551 (ORS HALF)

LAY . DISCONNECT, LO2, 17 INCH MC284-0388-0552 {ET HALF)

PART DATA

EXTENDED DESCRIPTION OF PART UNDER ANALYSIS:
DISCONMECT, LO2 FEED, 17 INCH, ORBITER & ET HALF, [P[H}

QUANTITY OF LIKE ITEMS: 1
ONE

FUNCTION:

ET/OABITER FEED LINE DISCONNECT PAOVIDES LO2 PROPELLANT TC THE MPS AND A
MEANS OF LOADING AND DETANKING THE ET. EACH DISCGNNECT HALF CONTAINS A
PNEUMATICALLY ACTUATED FLAPFER CLOSURE DEVICE WHICH REMAINS IN TS LAST
ACTUATED POSITION (BISTABLE}. THE YALYES ARE CLOSED AFTER MECOQ TO
PREVENT PROPULSIVE VENTING LEADING TO ET/AORBITER REGONTAGT, TILEDOOR
DAMAGE DUE T EXPOSURE TCOH PROPELLANTS, LOSS CF HELIUM SUPPLY DURING
MANIFOLD REPAESSURIZATION (RTLS/TAL ABORAT CAITICAL), AND EYSTEM
CONTAMINATION DURING ENTRY, DURING UMBILICAL SEPARATION, THE VALVE
SYETEM 13 DESIGNED TO MECHANIGALLY CLOSE BOTH THE ORBITER AND ET
DISCONMECT FLAPPERS IF LINARLE TO CL OSE THEM PNEUMATICALLY (FOST MECO).
RECUNDANT OPEN AND CLOSE (TWO EACH) VALVE FOSITION SWITCHES ARE
LOCATED ON THE ORBITER HALF OF THE DISCONNECT. THE FLAPPER DRIVE .
MECHANISM iS DESIGNED T ALLOW RELIEF OF FRGPELLANTS TRAPPED BETWEEN
THE FLAPPERS AFTER DISCONNECT CLOSURE.

A PHEUMATICALLY ACTUATED LATCH MECHANISM IS PROVIDED TG PREVENT THE
VALVE FLAFPPERS FROM CLOSING DURING FLOW CONDITIONS. THE LATCH IS .
BISTABLE AND IS CONTROLLED BY A SEFARATE PWEUMATIC ACTUATOR ASSEMBLY
WITH AEDUNDANT LOCK AND UNLOCK (FWO EACH} POSITION SWITCHES. LATCGH
MECHANISM INCORPORATES A TOCGGLE PIVOT WHICH ALLOWS FLAPPER CLOSURE
DURING BACK UF MECHANICAL SEPAFATION WITH LATCH IN LOCKED POSITION. SEE
LATCH FMEA/CIL 0454 FOR ADDITIONAL INFORMATION.
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SHUTTLE CRITICAL

ITEMS LIST - QRBITER

SUBSYSTEM :MAIN FROFULSION FMEA NO:03-1 -0408B -2  REV:02/15/89
ASSEMBLY = CRIT. FUNC: 1
P/N RI  :MC2B4-0389-XXXX CRIT. HDW: 1
ORB HALF G351
ET HALF 0553
P/N VENDOR: VEHICLE . 102 103 104
QUANTITY 31 EFFECTIVITY: e X X
iONE PHASE(S): PL X LO ¥ @0 Do LS
PREPARED BY: ) -
DES J E OSLOND ﬂq,.t' £ .
REL L H PINEBERG REL L el
QE E M GUTIERREZ R 7 1
il |
{Ten: T ONAL 2

DISCONWNELT, L2 FEED (WITH LATCH) 17 INCH, ORHITER & ET H2

FUNCTION

ET/OREITER FEED LINE DISCONNECT PRQVIDES IOz PROFELLANT TO THE MPS AND A
MEANS OF LOADING AND DETANKING THE ET. EACH DISCONNECT HALF CONTAINS A
PNEUMATICALLY ACTUATED FLADRFER CLOSURE DEVICE WHICH REMAINS IN ITS LAST
ACTUATED FOSITION (BISTABLE). THE VALVES ARE ¢LaSED AFTER MECQO T3
PREVENT PROPULSIVE VENTING LEADING TO ET/ORBITER RECONTACT, TILE/DAOR
DAMAGE DOUE TQ EXPOSURE TO PROFELLANTS, LOSS OF HELIUM SUPFLY DURING
MANIFOLD REPRESSURIZATION (RTLS/TAL ABORT CRITICAL), AND SYSTEM
CONTAMINATION DURING ENTRY, DURING UMBILICAL SEFARATICON, THE VALVE
SYSTEM IS DESIGNED TO MECHANICALLY CLOSE BOTH THE ORBITER AND ET
DISCONNECT FLAFFERS IF UNABLE TO CLOSE THEM PNEUMATICALLY (POST MECQ).
REDNDANT OFEN AND CLOSE ([TWO EACH) VALVE POSITION SWITCHES ARE LOCATED
CN TIE ORDITER HALF OF THE DISCONNECT. THE FLAPEER PRIVE MECHANISM IS
DESIGNED TO ALLOW RELIEF OF PROFELLANTS TRAFPED SETWEEN THE FLAPPERS
AFTER DISCONNECT CLOSURE. )

4 PNEUMATICALLY ACTUATED LATCH MECHANISM TS FROVIDED TO PREVENT THE VALVE
FLAFFERS FROM CLOSING DURING FLOW CONDITIONS. THE LATCH IS BISTABLE AND
1> CONTROLLED BY A SEFARATE DNEUMATIC ACTUATOR ASSEMBLY WITH REDUNDANT
LOCK AND UNLOCK (TWo EACH) DPOSITION SWITCHES. LATCHE MECHANISM
INCORPORATES A TQGGLE PIVOT WHICH ALIOWS FLAPPER CLOSURE DURING BACK UP
MECHANICAL SEPARATION WITH LATCH IN LOCKED POSITION. SEE LATCH FTHEA/CIL
J454 FOR ADDITIONAL IMFORMATICN.

FAILURE MODE

FAILS TO REMAIN OPEN DURING BT CHILLDOWN, LOADING, DRAINING, AND ENGINE
CPERATION. )

CAUSE(S)
PIECE PART STRUCTURAL FAILURE OF FLAPPER

ELEMENTS (LATCH WILL NOT FREVENT CLOSURE
PIECE PARTS).

OR FLAPPER STRUCTURAL SUPPORT
FOR FAILURE OF THESE SPECIFIC

N3=1= 1457



SHUTTLE CRITICAL ITEMS LIST - QRBITER

SUBSYSTEM :MAIN PROPULSICN FMEA ND:03=1 =0408 =2  REV:02/19/
EFFECT(S)z ON
(AYSUBSYSTEM {R)INTERFACES {C)MISSION (D)CREW/YERICLE:
(A.B}
CASE I: 1/1. TIME FRAME ~ ENGINE OPERATION.
102z FLOW WILL BE TERMINATED. SURGE PRESSURE FROM VALVE CLOSUR!
MAY CAUSE DAMAGE OR RUPTURE T¢ THE MPS AND/OR ET SYSTEX,
DEPENDING ON THE RATE OF CLOSURE. SHUTDOWN OF ALL THREE ENCIN
WITE UNCONTAINED DAMACE DUE TO STARVATION CUTOFT.
GASE IT: 1/1. TIME FRAME = LOADING/DRATINING

102 FLOW WILL BE TERMINATED. SURGE PRESSURE FROM VALVE CLOSUR
MAY CAUSE DAMAGE OR RUPTURE TC THE MPS AND/CR ET SYSTEX,
DEPENDING ON THE RATE OF CLOGSURE. UNAELE TO PERFORM ET DRAIN,
RUPTURE OF MPS LINES Will LEAK 102 INTC THE AFT. POSSIBLE AFT
COMPARTMENT OVERPRESS AND FIRE/EXPLOSIVE HAZARD., DOSSIBLE LOS!
OF ADJACENT CRITICAL FUNCTIONS DUE TO CRYO EXPOSURE. LEAKAGE
DETECTABLE USING HAZARDOUS CAS DETECTION SYSTEM {(HGDS). RUPTU
OF ET FEEDLINE WILL LEAK 102 OUTSIDE OF THE VEHICLE.
FIRE/EXFLOSIVE HAZARD AND POSSIBLE DAMAGE TO VEHTICLE EXTERIOR

CASE TIT: 3/1. TIME FRAME - CHILLDOWN |

RESULTS IN TERMINATION OF LOo2 CHILLDOWN, LAUNCH 3CRUB.

{¢.0) FOR CASE I AND II, POSSIBLE LOSS OF CREW/VEHICLE. B FOR CASE

III,

LAUNCH SCRUB.

(E)FUNCTIONAL CRITICALITY EFFECTES
CASE I:  1R/2, @ SUCCESS PATHS. TIME FRAME - LOADING

1) LATCH FAILS TO REMAIN LOCEELD.
2] TFLAPFER FAILS 10 REMAIN CPFEN. -

142 LOADING WILL BE TERMINATED. SURGE PRESSURE FROM
VALVE CLOSURE MAY CAUSE DAMAGE QR ROPTURE TC THE MPS
SYSTEM, DEPENDING ON THE RATE OF CLOSURE. UNABLE TO
PERFORM ET DRAIN. RUPTURE OF MP5 LINES WILL LEAK LO2
INTO THE AFT COMPARTMENT. PQSSIBLE AFT COMPARTMENT
OVERPRESSURIZATION AND FIRE/FXPLOSICN HAZARD, POSSIBL
LOSS OF CRITICAL FUNCTIONS DUE TG ADJACENT COMPONENT
EXPGSURE TC CRYOS. LEARAGE DETECTABLE USING HGDS.
RUPTURE OF ET FEEDLINE WILL LEARK LO2 QUTSIDE OF VEHICL
FIRE/EXPLOSION HAZARD AND POSSIBLE DAMAGE TO VEHICLE
EXTERIOR. POSSIBLE LOSE OF VEHICLE.

CASE II: 1R/2, 2 SUCCESS PATHS5. TIME FRAME - ENGINE OPERATICK

1) LATCH FAILS TO REMAIN LOCEED.
2) FLAFPER FAILS TQ REMAIN OPEN.

-~ + &



SHUTTLE CRITICAL ITEME LIET - @RBITER

SUESYSTEM :MAIN PROPULSION FMEA NQ:03-1 -0408 ~2 REV:02/18/34

SURGE PRESSURE FROM VALVE CLOSURE MAY CAUSE DAMAGE OR
RUPTURE TO THE MPS SYSTEM, DEPENDING ON THE RATE OF
CLOGSURE. RUPTURE COF MPS LINES WILL LEAK 102 INTO THE AFT
COMPARTMENT. POSSIBLE AFT COMPARTMENT OVERFRESSURIZATION
AND FIRE/EXFLOSION HAZARD. POSSIBLE LOSS OF CRITICAL
FUNCTIONS DUE TO ADJACENT COMPONENT EXPOSURE TO CRYOS.
POSSIBLE LOSS QF QREW/VEHIGLE.

DISPOSITION & RATIOMALE:

(AJDESIGN (B)TEST {C)INSPECTIOM (D)FAILURE HISTURY (E) OPERATIONAL USE:

(A) DESIGN

A PNEUMATIC ACTUATCOR MOUNTED ON THE QRBITYR HALF OF THE DISCONNECT DRIVES
THE ET FLAPPER THROUGH A ROLLER/CLEVIS L_4KAGE. THIS ACTION IN TURN
DRIVES A SECOND ROLLER/CLEVIS LINKACE WHICH OPERATES THE ORBIYER FLAPPER
AND THE POSITION INDICATOR ASEEMHALY. .

THE FLAPPERS AFE CANTED IN THE FLOW STREAM SUCH THAT FLUID DYNAMIC FORCES
ASSTST THE MECHANICAL LINKAGE FORCES IN MATNTATNING THE OPEM POSITICN
DURING SYSTEM OPERATICN, THE FLAFPERS ARE SPRING LOADED IN THE OFEN
POSITION AGAINST THE MECHANICAL STOPS BY A 55 LBS FORCE MINIMUM FOR ET
AND 40 LBS FQR ORBITER. FORCE IS5 MEASURED AT THE FLAPPER TIF.

THE DISCONNECT VALVE CONSISTS oOF COMPONENTS MANUTACTURED FROM 20z4-T651
AL ALIOY (FLAPPER ASSEMBLY), INCONEL 718 {(ARM FCLLOWER]} AND A286 ORES
(ARM DRIVE ASSEMBLY). THE VALVE HOUSING IS MANUFACTURED FRCOM 2215 AL
ALLOY., THE STOF ASSEMBLY IS MANUFACTURED FROM §061-T6 AL ALLOY, 300
SERIEZ CRES AND INCUNEL 713.

DESTGN FACTORS OF SAFETY FOR INTERWAL PRESSURE ARE 1.3 PROOF, 1.5 BURST
FOR THE DISCONNECT. THE ORBITER FLAPPERS HAVE A MINIMUM USEFUL LIFE OF
3500 CYCLES WHICH IS EQUIVALENT TO 100 QRBITER MISSIONS. THE ET FLAPFERS
HAVE A MINIMUM LIFE OF 150 CYCLES WHICH IS EQUIVALENT TC ONE ORRITER
MISSION. STRUCTURAL ANALYSIS INDICATES POSITIVY MARGINS OF SAFETY FOR
ALL CONDITIONS OF VALVE OPERATION: FRACTURE/FATIGUE ANALYSIS SHOW THAT
ALL CRITICAL PARTS ARE SATISFACTORY FOR FOUR TIMES EXPECTED LIFE (ET -
ONE MI3SION, GRBITER - 100 MISSIONS). .
THE DISCONNECT FEATURES A MECHANICAL LATCH (REFERENCE FMEA/CIL 0454)
WHICH ENHANCES SATETY OF THE VALVE OPERATION BY REDUCING THE NUMBER OF
FIECE PART STRUCTURAL FAILURES WHICH CAN CAUSE INADVERTENT FLAPDER
CLOSURE. THE ACTUATOR AND RELATED MECHANISMS {FORKS, ROLLERS, TORSION
BARS AND SHAFTS) INVOLVED IN APPLICATION OF PRELOAD ARE NOT CONSIDERED
CRITICAL WITH LATCH INSTALLED. IN THE LOCKED POSITION THE LATCH PREVENTS
INACVERTENT PLAPPER CLOSURE BY MECHANICAL INTERFERENCE. DURING NORMAL
CONDITIONS THE LATCH DOES NOT CONTACT THE FLAPPER.

(B) TEST
ATP ([ACTUATOR)

PROOF: AMBIENT, 1275 PSIG
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SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM (MATN PROPOLSICH FMEA NQ:03=1 =Q408 =2 REV:0Dz/15/8

OPERATIONAL (TWO CYCLES): AMBIENT: 400, 740, 7390 PEIG

RESPOUNSE TIME (OPENING/CLOSING): ROOM AMBIENT/-300 DEG F
RESPUNSE TIME AT 40C, 700 AND 730 P3IG

LEAFAGE: EXTERMAL AND INTERNAL, AMBIENT AND TRYOC

ATP - ET/ORBITER MATED DISCONNECT ASSEMBLY
FLAPPER ANGLE: ET 4.5 +/- 0.25 DEG, ORH 3.0 +/~ 0.25 DEG
TIP LOAD: ET 55 LB MINIMUM, CRB 40 LB MINIMUM

BCSITICN SWITCH VERIFICATION: [LATCH IR LOCKED POSITION. ROTATION FROM
FLAPPER PO3ITIAN OF REST ON DOWNSTRIKE SURTACE TO FLAPFER POSITICH
WHERE OPEN INDICATOR LIGHT TURN3 ON MUST BE 4 DEG, MINIMUM.

FROOF: AMBIENT, 1275 P5I&, ACTUATOR
28 PSIG ~FOR ORBITER CLOSURE DEVICE
58 PS5IG TOR ET CLOSURE DEVICE

OFERATICNAL CYCLE: CRYO, -~300 DEG F, ACTUATOR PRESSURE 740 PSIG FOR &
CYCLES AND 4540 PSIG FOR 5 CYCLES
AMBIENT, He AT 400 PSIG (1 CYCLE) AND 740 PSIG (5
CYCLES) .

CLEANLINESS VERIFICATICN: MOISTURE FREE EHD CLEANED TG LEVEL 4004 OF
Ma 4l110-201

LEAFAGE: EXTERNAL
VALVE: LN2/ANBIENT TEMPS: S0 3CIMS OF GHE AT 10 PSIG, 5
SCIMS OF GHE AT 20 PSIG; LATCHE SHAFT SEAL, 80 S5CIMS
GHE: 150 SCIM3 OF CN2 AT 185 PSIG: LATCH SHAFT SEAL,
B0 SCIMS OF GN2
YALVE ACTUATOR!
CRYO {BODY TEMP AT =300 DEG F, ACTUATOR AT =200
0 DEG F)/AMBIENT TEMPS; 100 5CIMS OF GHE AT 740 PSIC

INTERNAL
VALVE: AMBIENT TEMPS: 1000 TQ 20904 SCIMS OF GHE AT 1 TC
15 PSIG: 2500 SCIMS OF GN2 AT 200 BSIG
ILN2 TEMPS: 2500 SCIMS OF GHE AT 60 PSTIG: 2500
! SCIMSE OF GHN2 AT 200 PSIG
VALVE ACTUATOR:
CRYC (BODY TEMP AT =300 DEG F, ACTUATOR AT -200
Q0 DEG F) /AMBIENT TEMPS: 100 SCIMS OF GHE AT 740 P3TC

RELIEF OPERATION: =300 DEG ¥, CRACKING/BESEAT PRESSURE, 0.1-5 PSID (ET
CHLY) -

03-1- 1454



SHUTTLE CRITICAL ITEMS LIST - ORBITER

SUBSYSTEM :MAIN PROPULSION FMEA NO:03-1 =0408 =2 BEV:QZ/12/8%8

ELECTRICAL CHARACTERTSTICS (INSULATION BESTSTANCE AND VOLTAGE DROP), AND
DIELECTRIC STRENGTH

PLOW LINER - ROUNDNESS VERIFICATION (FREE END EIGHT POINTS MEASUREMENT)

CERTIFICATION
COMPONENT QUALIFICATION ({INCLUDES TESTING FRUM PREVIOUS CONFIGURATION
e e e i WITHOUT LATCH)
SALT FOG

VIBRATION - THREE AXES!
STNUSOIDAL: 5 TO 35 HZ AT Q.25 &, ZERC TO PEAK

RANDOM: 30 TO 2,000 HZ 5.7 G RMS FOR X-A¥IS, 5.2 & RMS FOR ¥
AND Z-AXIS, NO FLOW (LN2), FLAFPERS OPEN, LATCH
ENGAGED

THE DISCONNECT IS CHILLED WITH LNz AND STABILIZED AT
=100 DEG F. 10 PSIG DISCDNNECT, 740 PSIG ACTUATCOR.
THESE CONDITIONS ARE MAINTAINED THROQUGHOUT SINUSOIDAL
AND RANDOM VIBRATION. ACTUATOR VENTED DURING LAST TWO
MINUTES OF VIERATION.

THERMAL CYCLE: -400 TQ 15¢ DEG F, 3 CYCLES
OPERATING LIFE: AMBIENT, 740 PSIG HE FOR A TOTAL OF 2,400 CYCLES FOR
ORBITER AND 100 CYCLES FOR ET.
THE RELIEF MECHANISM WAS CYCLED DURING ET
VALVE CYCLING.
CRYO, 740 PS1G HE, -400 DEG F FOR A TOTAL GF 1000
&YCLES FOR ORBITER AND 50 CYCLES FOR THE ET.
THE RELIEF MECHANISM WAS CYCLED DURING ET
VALVE CYCLING. .
FLECTRICAL CHARACTERISTICS (INSULATION RESISTANCE AND VOLTAGE DROP)
I1EAKAGE: EXTERNAL AND INTERNAL, AMBIENT AND CRYQ

ENGAGE - DISENGAGE: ENGAGE FORCE = 1000 LBS MAY, DISENGAGE
FORCE = 6000 LBS MAX

Ni=1= TAGRK



SHUTTLE CRITIGAL ITEMS LIST - DRBITER

SUBRSYSTEM :MAIN PROPULSICN FMEA KQ:Q3~-1 =0408 =2 REV:Qi/15/%

BURST TEST: PNEUMATIC ACTUATOR, 1700 PSIG HYDROSTATIC PRESSURE FOR
2 MINUTES

TypE T AND TYPE II MATED (GPEN POSITICN) 4350 PSIc EYDROSTAL
PRESSURE FOR 2 MINUTES

T¢PE I AND TYPE 1I DEMATED (CLOSER FOSITION} 330 PSID TO
TvBE I, 68 PSID TG TYFE 1I FOR 2 MTHUTES

OMBILICAL SEPARATION TEST: (WITHOUT LATCH)

THE DISCONNECT WAS INSTALLED IN THE UMBILICGAL ASSEMELY DURING THE
SEPARATION TEST PROGRAM., THE UMBILICAL ASSEMBLY WAS SUBJECTED TO
RANDOM VIBRATION TESTS (4.4 HOURS PER A¥IZ) WHILE FILLED WITH LNJ.
DISCONNECT WAS ALSO SUBTECTED TO UMEILICAL RETRACT TESTS AT BOTH
NOMINAL CONDITIONS AND SIMULATED HYDRAULIC RETRACT ACTUATOR FAILURES

UMBILICAL SEPARATION TEST: (WITH LATCH)

FLAPPER PNEUMATICS/LATCH ENEUMATICS/IYROS/RETRACTOR HYDRAULICS

(1) PNEUMATIC CLOSURE (NCRMAL) - 4 CYCLES
{2) MECHANICAL CLOSURE {BACKUP) - 5 CYCLES

BOTH PERFORMED AT AMBIENT, LN2 AND LH2 CONDITIONS.

FLOW LINER WATER FPLOW TESTS:

DESIGH FILOW TO 19,600 GPM
ALLOWABLE DELTA P IS 10 PSID AT THE LINER

T DETERMINE THE STABILITY OF TEE PLOW LINER. THE F1OW TUBE HAD NO
PERMANENT DAMAGE AFTER BEING SUBJECTED TO WATER FLOWS UP TO 20,000 |
(TEST TIME OF 2 MINUTES / 6 RONS MINIMUM). AFTER VERIFYING
PERFORMANCE AT 29,000 GFM, THE UNIT WAS SUBJECTED TO 22,700 GEM TO
VERIFY DESIGN MARGIN {(NO PERMANENT DAMAGE).

FLAFPER, ANGLE STABILITY MARGIN WATER FLOW TESTS:

FOURTEEN (14) EXPLORATORY TEST SERIES (FLOW 4,000 'TO 20,500 GPM)
E.T. FLAPPPR SETTING VARYING FROM 1.8 TO 5.3 DEG.
ORB, FLAPPER SETTING VARYING FROM 0.9 TC 5.4 DEG.

CERTTFICATION TEST RUNW AT WORST CASE PRODUCTION SETTIBG {FLOW RANGE
TO 109% POWER LEVEL).



SHUTTLE CRITICAL ITEME LIST -~ ORABITER

SUBSYSTEM :MAIN FROFULSION FMEA HQ:03=1 -0408 =2 RIZV:iCZ/13/848

FROOT TEST SERIES -~ MAXIMUM FLOW 22,700 GPM, AT ANGLES BELOW MINIMIM
FLIGHT SETTINGS

PRODUCTION AMNGLE SETTINGS
E.T. 4.5 +/= 0.25 DEG
oRB, 3.0 +/= Q.25 DEG

FLAFPER TIP LOAD MARGIN WATER FLOW TEST:

EIGHT (8) EXFPLORATORY TEST SERIES (FLOW RANGE TG 10%3% FOWER LEVEL)

FLOW 2,000 TO 20,600 GPFM

DREITER- 3.0 +f- 0.1 DEG POR SEVEN SEHIES 4,1 +/~ 0.1 FOR DHE SERIZIS
TIP LOAD RANGE: 20 TO 62 LBS

TIP LOAD RANGE: 23 TO 61 LBS

RECOMMENDED TIF LOAD:

CRBITER: 40 LBS MINIMUM
ET: 55 LBS MINIMUM

LATCH WATER FLOW TESTS:

-

TWENTY=-FOUR (24) EXPLORATORY TEST SERIES {(FLOW 4,000 TO 22,100 GFM)

CERTIFICATION TEST RUN AT MINIMUM PRODUCTION SETTING (FLOW FANGE
TC 109% POWER LEVEL).

THO TEST SERTES IN FILL DIHECTION (FLOW 4,000 TQ 6,400 GFM), LATCH
FNEUMATIC PRESSURE VENTED (BISTABILITY)

PROOF TEST — 23,200 GPM

LATCH CRYO FLOW JESTS:

SIXTEEN (16) TESTS WITH IN2/102 (FLOWS VARY FROM ONE ENGINE AT §3% T¢
THREE AT 109%):

DISCCNNECT FLAPPER STABILITY/LOADS
CAVITATION
FRICTIDN PRESSURE LOES

ENGINE CUTOFF SENSOR RESPONSE



SHUTTLE CRITICAL ITEMS LIST - CRBITER i

SUBSYSTEM :MAIN PROPULSTION FMEA NQO:03=1 =0408%8 -2 REV:02/18/

STEADY STATE TEST: LH2 (65% AND 109% OF RATED POWER LEVEL), LAT
ENGAGED. ©LDZ {100%, 104% AND 109% GF RATEDR POWER LEVEL), LATCH
ENGAGED AND HNOT ENGAGED.

TERMINAL DRAIN: (SATURATED LO2Z) (&5 AND 109%) LATCH ENGAGED AN
KOT ENGAGED. :

OMRSD
V41BI0.240 ORB/ET DISC RESPUNSE TIME (POST FLT DATA ANALYSIS)
¥41BUQ.270 PILOW LINER INSPECTION (EVERY FLT}
Y41BU4.240 DISCONNECT FLAPPER ANGLE VERIFICATION (EVERY FLT)
V41EUQ. 120 DISCONNECST IRSPECTICN AND TIP LOAD VERIF (EVERY FLT)
V41lBUG. 330 MPS COMPONENT CAVITY INSPECTION (EVERY FLT)
V41800, 370 ORB/ET DISC PREPARATION FOR QPF RQLLOUT (EVERYI FLT)
V41BVO.020 MPS ORB/ET DISC CLEANING (EVERY FLT)
V41BVO.030 ORB/ET UMBILIGAL DISC AND SEAL INSPECTION ({EVERY FLT)
T41FUN. 040 OPENING TORQUE BEFCRE MATING (EVERY FLT)
T41FUN.061 ET 17" TIDP LOAD/FLAPPER ANGLE INSPECTION (EVERY FLT)
T41IFUN,.470 RCLLER ARM INSPECTICN (EVERY FLT)
TA41QAL.090 LO2/LH2 17" DISCONWECT INSPECTION (EVERY FLT)
T410AL. 100 LO2/LH2 17" DISCONNECT CLEANING (EVERY FLT)
S00000. 090 PDL RESPONSE TIME (MATED) (EVERY FLT) :
SOOHCD. 400 VERIFY ET/CRE DISC POSITICNS (FRIOR TO MATING) (EVERY FLT)
SDOOC0.08S 17" DISCONNECT OVER CENTER VERIFICATION (EVERY FLIGHT)
500000.087 PDL LOZ DISCONNECT INTERNAL INSPECTION (EVERY FLIGHT)

{¢) INSPECTION

RECEIVING INSPECTION

RAW MATERTALS ARE VERIFIXD BY INSPECTION FOR MATERIAT, AND PROCESS
CERTIFICATION. ALL MACHINED ITEMS ARE DIMENSIONALLY IM3SPECTED AND
VERIFIED (MIL-STD-105). CHEMICAL/MECHANICAL PROFERTIES AND RECQRDS OF
RECEIVED MATERIALS ARE RETAINED FOR ?!RIFICATIDH. 30DY¥ FORCSING 1S
ULTRASONICALLY AND DYE PENETRANT INSPECTED.

CONTAMINATION CONTROL
CIPANLIKESS LEVEL TC 400A YIA FREON FLUSH AND SAMPLE VERIFIED. ALL 3E
GRUOVES ARE INSPECTED FOR CLEANLINESS AND EVIDENCE QF DAMAGE.

ASSEMBLY/INSTALLATION

THREADED INSERTS AND CRITICAL DIMEKSIONS VERIFTIED BY INSPECTION. SEAI
SURFACES ARE VISUALLY INSEECTED FOR DEFECTS. REPAIRED AND REWORKED I1T
ARE DTHENsSTOMALLY CHECYXED. LOGC OF CLEAN ROOM VERIFIED. ALL ENGIHEERI
DEFINED FEATURES ANMD SURFPACE FINISHES AND TORCQUE REQUIREMENTS ARE
COMPLETELY INSPECTED AND VERIFIED.

TKE PRIMARY INTERFACE SEAL IS CHECKED FQR ID, OD AND ROUNDNESS. ALL
DIMENSIONS DEFINED IN DRAWING ARE VERIFIED BY INSPECTION.

CRITICAL PROCESSES
HEAT TREATMENT AND PART PASSIVATION ARE VERIFIED BY INSPECTION.

Ml=t = 1441



SEUTTLE CRITICAL ITEMS LIST - CRRITER

SUBSYSTEM :MAIN PROPULSION FMEA NO:03=1 =0408 =2 REV:02,/1%/88

NON-DESTRUCTIYE EVALUATION
PARTS ARE RADIOGRAPHICALLY AND DYE PENETRANT INSPECTED AS IMPOSED BY
ENGINEERING IN THE DRAWING REQUIREMENTS.

TESTING :
ATP AND TEST MEASUREMENT EQUIPMENT CALIBRATION VERIFIED BY INSPECTION.

HANDLING/PAGKAGING
PACFAGING FOR SHIPMENT VERIFIED BY INSPECTION.

(D) FAILURE HISTORY

DORING INITIAL WATER PFLOW TESTS IN 1877, THE QRBITER FLAPPER PARTIALLY
CLOSED (CAR A%472). CAUSE WAS ATTRIBUTED TC HYDRODYNAMIC FLOW FORCES
THAT CAUSED DISCONNEST FLAPPER INSTABILITY. CORRECTIVE ACTION INCLUDED:
REDESIGN OF THE FLAPPER FOLLOWER ARM TO INCREASE THE STRENGTH: ADDITICN
QF CONTOURED FAIRINGS TO THE FLAPPERS (WHICH CHANGEL THE PRESSURE LDADS)
TC RTIAS THE VALVE TOWARDS THE CQPEN POSITION! STREAMLINING OF FLAFPPERS TU
REDUCE FLOW TURBULENCE; AND SPECIFICATION OF FLAPPER ANGLE REQUIREMENTS
WHICH PROVIDE FLOW FORCES GN FLAPPERS TQ BIAS THE VALVE TOWARDS THE OPEN
POSITION.

i THE ET FLAPPER CLOSED DURING A RUN WI'fH 12,400 GPFM FLOWEATE. THE TEST
FACILITY LINE THEN PFAILED. CAUSE ATTRIBUTED T2 QUT=-QOF=-SFEC FLAFPFR ANGLE
SETTINGS (l=26=78, NO CAR WRITTEN].

DURING A DEVELOPMENT TEST IK 1978 (WITE THE FLOW LINER MOUNTED IN THE ET
HALF OF THE DISCONNECT) THE FLOW LINER AND QRBITER FLAPPER TAIRING
EXPERIENCED FAILURES WHEN THE FLOW RATE REACHEED 30,000 GPM. ONE THIRD OF
THE FLOW LINER WAS OISTCRTED (NO CAR WRITTEN). THE FAILURE WAS
ATTRIBUTED T0 EXCESSIVE FLOW DURINC RUN CONDITIONS. THE CORRECTIVE
ACTION WAS TC INCREASE THE FLOW LINER THICKNESS FTROM 0.020 INCHES TG :
0.040 TINCHES. FOR ALL PRODUCTICHN DISCONNECTS THE REDESIGNER FLOW LINER
WAS IHNCORPORATED AND MOUNTED ON THE ORBITER HALF OF THE DISCONNECT.

A FLOW LINER WAS FOUND DISTORTED UPON REMOYVAL FROM NSTL. DAMAGE WAS
ATTRISUTED T2 INCORRECT MATING FROCEDORE (REFEREMCE CAR AZ8541). ET/ORB
MATING PROCEDURE.WAS IMPROVED.

THE LO2 FLOW LINFR ON OV102 (FLT ST5=-4) WAS FOUND TO BE DISTORTED DURING
FOST=-FLIGHT CHECKOUT (REFERENCE CAR 04F001l). DAMAGE WAS ATTRIBUTED TC AY
INCORRECT MATING PROCELURE OR INTERFERENCE WITH FERRY PLATES. POST
MATING BOROSCOPE INSPECTION AXQUIREMENT OF FLOW LINER WAS ADDED TC THE
OMRSD. FLOW LINER WAS AGAIN REDESIGNED AND INCORPORATED INTO THE
PRCGRAM. THE FLOW LINER THICENESS WAS 1INCREASED FROM 0.040 TO 0.080
INCHES AND CONTOURED FOR RESISTANCE TO BUCKLING. '
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DURING THE FLOW LINER CERTIFIGATICN WATER FLOW TZ5T FROGRAM CONDUCTED
1983 ALL THREE SEGMENTS COF THE LINER DISTORTED INTC THE FLOW STREAM
CAUSING THE ORHITER FLAFPER TO PARTIALLY CLOSE {REFERENCE CAR ACS5177}.
THE FAILURE WAS ATTRIEUTED TO INCURRECT TEST ARTICLE/FACILITY FILL AND
RUN PROCEDURE. CORRECTIVE ACTICN WAS TO CORRECT WATER FLOW TEST
PROCEDURES AND INCCRPORATE THE REDESIGNED FLOW LINER.

DURING CERTIFICATION TESTING, THE ET FLAFPER FAILED CLGOSED AT A FLOW O
12,900 GPM OF WATER (CAR ACS5600}. CAUSE ATTRIBUTED TO CQUT-QUF-SPEC
FLAFFER ANGLE SETTINGS. EXTENSIVE WATER FLOW TESTING WAS COWDUCTED TO
DETERMINE ADEQUATE FLAFPER ANGLE AND TIP LOAD STABILITY MARGINS, FLAP
ANGLE SETTING REQUIREMENTS WERE MODIFIED AND MINIMUM FLAPFER TIP LOAD
REQUIREMENTE WERE INCOPORATEDR. IN ADDITION, REQUIREMENTS TO MEASURE
FLAPPER ANGLE/TIP LOADS AND PERFORM DETATLED INSPECTION OF DISCONNECT
WERE ADDED 0O THE OMRSD. ©OUT OF SPEC CONDITIONS EAVE BEEN DOCUMERTED
CARE ACS740, ACS840D, ACS861, AC5362, AC3S76, AD22332, ADI28l, ACBZls,
AC7596, ACTZ74, ACS699, ACBT7L9, ACEALlO, AND ACTI1S.

ONE INCIDENT GCCURRED DURING QUALIFICATION TESTING WHEN THE FLAPPER
FAIRINGS WERE INADVERTENTLY INSTALLFD QN THE WRONG FLAFFERS (REFERENCE
&sR AC7165). PARKER REDESICHED THE FLAPPERS AND FATRINGS 50 THAT THE
WOULD NOT RE INTERCHANGEABLE BETWEEN LOZ AND LH2. TEE UNITS IN THE E
WERE VERIFIED TO BE CORRECTLY INSTALLED BY MCR 10473,

(E) OPERATIONAL USE
NQ CREW ACTION CAN BE TAKEN.



